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ABSTRACT
High velocity oxy-fuel (HVOF)coating have shown high resistance to corrosion in fossil energy applications and it 
is generally accepted that mechanical failure, e.g. cracking or spalling, ultimately will determine coating lifetime. 
The use of HVOF thermal spray to apply coatings is one of the most commercially viable and allows the control of 
various parameters including powder particle velocity and temperature which influence coating properties, such as 
residual stress, bond coat strength and microstructure.  Methods of assessing the mechanical durability of coatings 
are being developed in order to explore the relationship between HVOF spraying parameters and the mechanical 
properties of the coating and coating bond strength.  The room temperature mechanical strength, as well as the 
resistance of the coating to cracking/spalling during thermal transients, is of considerable importance.  Eddy current, 
acoustic emission and thermal imaging methods are being developed to detect coating failure during thermal cycling 
tests and room temperature tensile tests.  Preliminary results on coating failure of HVOF FeAl coatings on carbon 
steel, as detected by eddy current measurements during thermal cycling, are presented.  The influence of HVOF 
coating parameters of iron aluminides - applied to more relevant structural steels, like 316 SS and Grade 91 steel, - 
on coating durability will be explored once reliable methods for identification of coating failure have been 
developed.
INTRODUCTION
Typically, materials with the high temperature strength and creep resistance required for fossil fuel boilers lack the 
necessary corrosion resistance to provide a long service life.  Conversely, materials with the needed corrosion 
resistance often are not suitable for the high temperature structural requirements or they are difficult to 
thermomechanically form into useful shapes.  One way of satisfying all the requirements is to apply a coating with 
the necessary corrosion resistance to a substrate material that will satisfy the high temperature structural 
requirements.  The functionality of the system is dependent on the coating being devoid of open porosity, which 
would allow corrosive gases to reach the underlying substrate material, and the coating being resistant to cracking or 
delamination, which would, again, allow corrosive gases to reach the underlying substrate.  Due to these issues, 
there has been reluctance to utilize coatings in high temperature, aggressive environments.  However, the need to 
increase operating temperatures to increase efficiency is driving research to understand the coating process and the 
factors that contribute to coating failures.  Therefore the current work is focused on understanding the relationship 
between coating parameters and coating durability with the goal of optimizing those parameters to produce reliable 
coatings with long operating lifetimes. 
BACKGROUND 
Thermally sprayed coatings as thermal barrier and/or corrosion resistant coatings have long been of interest.  
Coating/substrate systems can be chosen to satisfy both the structural and corrosion resistance requirements of 

mechanical failure of the coating.  Elucidation of the interactions of the various HVOF system and materials 
parameters is critical in developing high integrity coatings. 
Technical Approach 
This work focuses on studying the relationship between HVOF processing parameters and the mechanical durability 
of the resulting coating.  Unfortunately, characterization of the coating durability is difficult since it is not an 
inherent materials property and can vary with substrate preparation and HVOF process parameters.  The mechanical 
stresses and strains under service conditions can be difficult to characterize and simulate under laboratory 
conditions.  Therefore, characterization of durability is being limited to room temperature cracking behavior of 
coatings applied to round tensile bars and the cracking behavior of coating/substrate systems during rapid thermal 
cycling.  Under both conditions it is necessary to identify when cracking occurs – preferably detecting the first crack 
to form in each type of test.  To this end, work is focused on developing methods for detecting crack formation in 
real time.   
The coating material is limited to iron aluminide since this material has shown acceptable corrosion resistance in 
previous work6.  Carbon steel substrates are being utilized to generate coating/substrate systems with low durability 
so that the detection methods and methodology can be more quickly developed.  Other, higher temperature 
materials, such as grade 91 steel and the nickel-based materials, are more relevant and will be the focus of future 
work after the crack detection methods have been refined. 
The parameters of interest in this work can be divided into those inherent to the coating and substrate materials and 
those that can be varied during HVOF coating deposition.  Powder particle velocity, temperature and melted fraction 
will be controlled with HVOF parameters which, in conjunction with the CTE of the coating and its mismatch with 
the substrate, determine the residual stress, whether it be tensile, neutral or compressive, in the coating.  These 
factors will be manipulated to generate coatings with different residual stresses which will then be related back to 
the durability of the coating. 
THERMAL CYCLING 
Experimental Set Up 
The coating/substrate system will be subjected to thermal cycling over the course of its lifetime.  In general there 
will be difference in CTE between the coating and the substrate materials.  This difference can exceed the strength 
of the coating and result in crack formation.  Furthermore, high operating temperatures may result in relaxation of 
the residual stress and even recrystallization which can change the stresses, sign and magnitude, during thermal 
cycling.  To document this behavior HVOF coatings applied to rods (to eliminate stress risers that would otherwise 
occur sharp corners on a flat dogbone type tensile specimen) have been thermally cycled to failure (cracking).  The 
rods are nominally 12.7 mm in diameter and 127 mm long.  The coating is Fe3Al and is approximately 250 microns 
thick.  Figure 3 shows the experimental set up for thermal cycling experiments.  The Gleeble 3500 is used to hold 
the sample and resistively heat it.  Heating rates are currently limited to about 150oC/ minute, although faster or 
slower rates are easily obtainable.  The cooling rate is somewhat slower (~100-130oC/minute) but is still fairly high 
and determined by heat conduction through the water-cooled sample grips.  Temperature is tracked by a type K 
thermocouple spot welded directly to the coating.  A water-cooled eddy current coil surrounds the sample to detect 
crack formation during thermal cycling.  (Eddy current measurements are highly sensitive to through thickness 
cracking which disrupts the eddy currents.)   




formation.  The influence of various HVOF parameters on cracking behavior will be determined once suitable crack 
detection methods are developed. 
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